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Although there has been a considerable reduction in the number of neonatal deaths 
in NICUs during the last two decades, the management of critically ill infants 
who are continuously exposed to various risk factors has remained a matter of 
major concern. Exposure to these stressors has a detrimental effect on the growth 
and neurodevelopment of critically ill preterm infants. As most of these causes are 
preventable, it is important to adopt proven quality improvement initiatives in order 
to improve neonatal care outcomes. The objective of this review is to identify the 
recent available evidence on the proven quality improvement initiatives in the NICU 
to improve neonatal health care outcomes. 

An extensive literature search was conducted for the English language articles in the 
EMBASE and MEDLINE databases. A total of 300 articles were retrieved with the 
keyword search. Further attempts were made to search the reference lists of retrieved 
articles to identify the relevant studies. The title and abstracts of the retrieved 
references were screened for relevance, and 29 studies were included in this review. 

Some of the proven quality improvement initiatives to improve the neonatal care 
outcomes in NICU include measures such as maintaining hand hygiene, maintenance 
and optimization of the central line, improving mother-infant interaction, reducing 
the risk of bronchopulmonary dysplasia and hypothermia, reducing the exposure of 
infants to various stressors, and implementing the family-centered care approach. 
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Introduction 

Neonatal morbidity and mortality are recognized as a global 
public health challenge in developing countries, with the highest rate 
of mortality found in the poorest countries. 1 The first four weeks of 
an infant’s life is their most vulnerable period, during which they 
are prone to significant morbidity and mortality. The NICU did not 
exist until the early 1960s, and the specialty of neonatology did not 
begin until the 1970s. These special units were established soon after 
the death of President John F. Kennedy’s newborn son, who died of 
respiratory distress and immature lungs. He was bom prematurely 
after just thirty-four weeks of gestation. His death brought increased 
awareness in the United States to the numbers of preterm infants who 
were dying because of immature lung development shortly after their 
births. Knowledge and expert care of these infants increased, and by 
the early 1990s, more than 90 percent of these premature infants were 
surviving, including those infants bom as early after just twenty-four 
weeks of gestation. Exposure of neonates to infections, birth asphyxia, 
and birth before term are considered as the most common causes of 
neonatal deaths. However, these common causes of the neonatal 
mortality in the neonatal intensive care units are mostly preventable. 2 

Although there has been a considerable reduction in the number 
of neonatal deaths in the NICU during the last two decades, it is the 
management of critically ill infants that has become of major concern, 
as they are continuously exposed to various risk factors. 3 These factors 


include exposure to various stressors in NICU such as light and noises, 
exposure to severe infections, high risk of accidental extubations, and 
invasive procedures. All these factors have a detrimental effect on the 
growth and neurodevelopment of the critically ill preterm infants. As 
most of these causes are preventable, it is important to adopt various 
proven quality improvement initiatives to improve neonatal care 
outcomes. 

This review mainly focuses on the identification of preventable 
causes of negative neonatal outcomes in the NICUs, and reviews the 
currently available evidence on the interventions implemented to 
prevent these causes. 

Methods 

An extensive literature search was conducted for the English 
language articles in the EMBASE and MEDLINE databases. A total of 
300 articles were retrieved with the keyword search. Further attempts 
were made to search the reference lists of retrieved articles to identify 
the relevant studies. An internet database search was made to include 
all articles. The keywords used to retrieve this data were ‘quality 
improvement’, ‘quality initiatives’, ‘neonatal outcomes’, ‘health 
outcomes’, ‘care outcomes’, ‘neonatal intensive care unit’, ‘NICU’, 
‘preterm infants’, ‘preterm neonates’, ‘low birth weight infants’, 
‘low birth weight neonates’, ‘quality team’, ‘quality intervention’, 
‘premature infants’, ‘premature neonates’. 
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Characteristics of included studies are: 

The studies included in this review were published between 
1984 and 2017. All of these studies discussed at least one quality 
improvement intervention in the NICU to improve the neonatal care 
outcomes. Descriptive statistics were used in most of these studies. 

Results 

A total of 29 studies are included in this review. High rates of 
neonatal morbidity and mortality in the neonatal intensive care unit 
are caused by many stressors, most of which are preventable. Figure 
1 depicts the clinical processes that are modifiable, and which had a 
substantial impact on the primary drivers of poor health outcomes. 



Figure 1 Depiction of outcomes and key drivers of process change in NICU 
Adapted from “A multifaceted approach to improving outcomes in the NICU: 
the pediatrixlOO 000 babies campaign”66 

The quality improvement interventions which improve the 
neonatal care outcomes are discussed below: 

Pain Assessment 

Pain management may be one of the most unrecognized elements 
of neonatal care. Exposing the preterm infants to various invasive 
and surgical procedures in the NICU may result in poor neurological 
development, increased sensitivity, and even death. Hence, proper 
pain assessment, documentation, and management are required in an 
NICU to prevent adverse outcomes due to pain in infants. Pain may 
be difficult to assess in infants when compared to adults, as pain is 
a subjective feeling. Various physiological, hormonal and metabolic 
changes have been observed in infants while undergoing painful 
therapeutic procedures. These observed changes include fluctuation 
in heart rate, an increase in cortisol levels in the infant’s plasma, an 
increase in epinephrine and norepinephrine levels, increased sweating 
in the palms, and changes in oxygenation, which may be indicative of 
pain in infants. 4 

One of the surveys conducted in 2003 in several Italian NICUs 
found inadequate management of procedural pain. A national pain 
guideline was formulated and implemented in 2005 in all NICUs. 
A follow-up survey after 5 years revealed the following results: 
There was an improvement in the use of analgesia and sedation for 
invasive procedures, but adherence to best practices for pain control 


and monitoring was not performed routinely or in an optimal manner. 
This study found that, despite tremendous efforts, analgesia is not 
consistently reaching the bedside of patients. Thus, NICU staff should 
pay closer attention to the aforementioned symptoms when exposing 
neonates to painful procedures, and should take appropriate steps for 
the management of pain. 

Ozawa et al. 6 conducted a prospective pre-/postintervention 
study to improve neonatal pain management for invasive bedside 
procedures in seven level-III NICUs in Japan from September 2014 
to January 2016. They found a substantial improvement in pain 
management during the 12-month intervention period. Reavey et al. 7 
conducted a study in a tertiary care NICU in order to improve their 
pain assessment and documentation using a neonatal pain tool, the 
Neonatal Pain, Agitation, and Sedation Scale. There was a marked 
improvement in pain assessment and documentation after two years 
of using this intervention (N-PASS). 

After the assessment of pain, the next step is the adequate 
management of neonates experiencing pain. The NICU staff should 
focus on pain management methods such as reducing the number 
of painful procedures, treating postoperative pain immediately after 
a surgical procedure, preventing prolonged and repetitive invasive 
procedures, and treating the acute pain with medications which have 
been proven to be safe for infants. 

Reduction of Central Line Associated Blood Stream 
Infections (CLABSI) 

Central venous catheters have long been a cornerstone of the 
treatment of critically ill neonates in the NICU. However, these are 
prone to infections which can cause significant morbidity and mortality 
in neonates. 8 These infections were found to be associated with 
adverse outcomes on growth and neurodevelopment in the neonates. 
Ting et al. 9 had used the following 10 step regimen for the reduction of 
central-line associated bloodstream infections (CLABSI): 

i. Observing the existing practices 

ii. Conducting an awareness intervention for NICU staff 

iii. Establishing a skin preparation protocol to avoid skin injury 
in neonates 

iv. Cleaning of IV ports, tubes, and ampoules 

v. Proper central-line insertion 

vi. Maintaining sterile towels, gowns, and caps in the central-line 
insertion premises 

vii. Availability of sterile surgical masks 

viii. Use of disposable surgical blades 

ix. Maintenance of central venous lines regularly 

x. Following proper hand hygiene 

Following this 10-step regimen resulted in a considerable reduction 
in the rate of these infections from 7.9 to 2.2 per 1000 catheter days 
through the study period. The antiseptic for skin used in this study was 
chlorhexidine gluconate in alcohol, which reduced the rate of central 
line-associated infections. The policies adopted by Ting et al. 9 for 
neonatal skin protection included wiping away excess antiseptic with 
normal saline immediately after disinfection and avoiding iodine- 
based products for skin disinfection. 

Several other studies reported similar findings as a significant 
reduction in the rate of infections associated with the central venous 
catheters (Table 1). 
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Table 1 Studies reporting outcomes of quality improvement initiatives for reduction of CLABSI 


SI. 

No 



Rate of 

Rate of 


Study 

Quality improvement initiative 

CLABSI (pre 

CLABSI (post 

Conclusion of the study 



intervention) 

intervention) 




Implementation of potentially better 



More than 50% reduction in the 

1 

Bowen et al." 

practices to reduce infection and 

9.9±4.3 

5.4± 1.7 

infections in premature infants in the 



providing awareness to NICU staff 



NICU (p=O.OI2) 

2 

Bizzarro et 
al. 17 

Educational intervention to provide 
guidelines for placement and management 
of central venous catheters to NICU staff 

8.4 

1.28 

Significant reduction in CLABSI rate as 
well as overall sepsis rate 

3 

Koeppel et 
al. 12 

Best practices involving decrease central 
line entry with the help of closed 

8.25 

0.65 

CLABSI rate reduced by 92% over a 
period of 10 years in the intervention 


medication system 



phase (p=<0.001) 

4 

Zhou et al. 14 

A multifaceted infection control program 
was introduced 

16.7 

5.2 

There was a steady and sustainable 
decrease in the CLABSI rate 
throughout the 3 phases 

5 

Byrd et al. 15 

• barrier precautions for central line 
insertion 

8.8 

2 

CLABSI rate reduced by 77% 
throughout the intervention period 



• sterility of catheters and tubes 






• regular documentation and monitoring of central lines by NICU staff 




• hygiene maintenance 





Davis et al., 10 reported a significant correlation between sepsis 
prevention and positive neurodevelopmental outcomes. Cognitive 
disability and cerebral palsy were found to be significantly reduced in 
very low-birthweight infants after implementation of a sepsis quality 
improvement program in the NICU. 

Prevention of Sepsis 

Sepsis is considered to be one of the most common causes of 
neonatal morbidity and mortality in preterm infants in NICUs, 
accounting for one-third of all neonatal deaths. 

Bowden et al. 11 in 2011 demonstrate a >50% reduction in BSI in 
extremely premature neonates from D3 to 35 following a collaborative 
quality improvement project to reduce neonatal infection across 
a NICU network consisting of eight neonatal intensive care units 
(NICUs) in New South Wales, Australia. Koeppel et al., 12 on a 10- 
year review of CLABSI prevention efforts in NICUs, demonstrated 
that the implementation of QI processes that include strict compliance 
to best practices and decreasing central line entry by use of a closed- 
medication system were associated with a significant and sustainable 
reduction in CLABSI rates. 

Following this intervention has significantly reduced the sepsis 
rate (5.19% to 2.46%) in this NICU. Kaplan et al. 13 conducted an 
interrupted time series study in 24 Ohio NICUs. The study aimed 
to reduce the frequency of late-onset bacterial infections in infants 
bom during 22 to 29 weeks’ gestation. They used collaborative 
quality improvement methods to implement evidence-based catheter 
care. They found a 20% reduction in the length of stay (LOS) after 
implementation of the quality improvement (QI) project over a period 
of one year. 13 

Zhou et al. 14 conducted a prospective before and after intervention 
study follow-up among patients with central lines at the NICU, with 
a 1-year follow up. The study was conducted in 3 phases: before, 
during, and after the intervention. They found a significant reduction 


in overall CLABSI rate from 16.7 per 1,000 central line (CL) days in 
phase 1 to 7.6 per 1,000 CL days in phase 2 (P=.08) to 5.2 per 1,000 
CL days in phase 3. Byrd et al. 15 demonstrated that better CLABSI 
reduction could be achieved by forming a team of both doctors and 
nurses. Harris et al. 16 showed that by assigning nurses instead of 
phlebotomists for the collection of blood for culture, it was possible 
to reduce the rate of contamination by 53% from 5.19% to 2.46% in 
a one year period. Bizzarro et al. 17 showed that by doing educational 
intervention designed to improve the quality of NICU practices and 
adhering to evidence-based guidelines, it is possible to significantly 
reduce the rate of CLABSI and therefore of late-onset sepsis. 

Topical emollients are commonly used for the prevention of 
skin injury in neonates in NICUs. However, they increase the risk 
of nosocomial infections, especially staphylococcal infections. 
Hence, these should not be given to critically ill premature infants. 
Probiotics can be used to prevent necrotizing enterocolitis, as they 
contain anaerobic bacteria. Fluconazole helps in the decolonization of 
invasive candidiasis in very low-birthweight infants. A meta-analysis 
of randomized controlled trials of orally administered lactoferrin for 
prevention of sepsis and necrotizing enterocolitis suggested a decrease 
in the development of late-onset sepsis (RR 0.49, 95% Cl 0.32-0.73) 
and all-cause mortality (RR 0.30, 95% Cl 0.12-0.75). 19 

Prevention of Necrotising Enterocolitis (NEC) 

Necrotizing enterocolitis (NEC) is the leading cause of 
gastrointestinal emergency in preterm neonates, and contributed 
significantly to neonatal morbidity and mortality. 20 The incidence of 
NEC in infants with birth weight less than 1500gms has remained 
constant over the years (5% to 7%). 20 ’ 21 There was a slight increase in 
NEC related morbidity and mortality rate reported in a study. 21 The 
incidence of NEC increased steadily, from 3% in infants weighing 
between 1250gms and 1500gms to 12% in infants weighing between 
500gms and 750gms. The mortality rate in those two groups was found 
to be 16% and 42%, respectively. 22 ’ 23 Infants who survived with NEC 
were at an increased risk of poor neurodevelopmental outcomes. 22 ’ 23 
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Despite decades of dedicated research, the pathogenesis of NEC 
remained poorly understood. The current understanding of the 
origin of NEC is multifactorial. The proposed mechanism includes 
a combination of impaired intestinal perfusion, abnormal bacterial 
colonization, and disturbed gut barrier function. An immature, 
overactive immune response leading to intestinal inflammation, 
ischemia, and eventual necrosis also contribute in NEC etiology. 24 
Diagnosis of this multi-factorial disease remained primarily dependent 
on clinical features that vary significantly due to the multiple pre¬ 
disposing conditions. This heterogeneity makes the development of 
quality improvement strategies for the prevention of NEC challenging. 

Proposed quality improvement practices for prevention of NEC 
include delayed cord clamping and cord milking, standardized 
enteral feeding guideline, exclusive feeding of own mother’s milk 
(OMM) and use of donor human milk if OMM not available, feeding 
guidelines during packed RBC transfusion, and use of probiotics. 

A Cochrane review performed by Rabe et al. 25 in the year 2012 
included 15 studies of73 8 infants (24 to 36 weeks gestational age), with 
delayed cord clamping (30-120seconds). The review demonstrated a 
lower risk of NEC (5 trials; 241 infants; RR 0.62, Cl, 0.43-0.90) with 
less risk associated with greater placental transfusion. In a systematic 
review conducted by Garg et al. 26 in the year 2017 included six 
randomized control trials (RCTs). There was a statistically significant 
decline in the incidence of NEC in the DCC group (12.2% vs 20.6%; 
risk ratio (RR) 0.59; 95% Cl 0.37-0.94; p=0.02; number needed to 
treat (NNT)=12). 23 However, given the small sample sizes and other 
limitations of these studies, the author concluded that current evidence 
is not sufficient. 

Patel et al., 27 in a QI initiative described cord milking among 158 
infants (median GA 27.4 [23.1,29.9], median BW 960 g [410, 1010]) 
compared with 160 historical controls (median GA 27.1 [23,29.9], 
median BW 880 g [375, 2050]). This study revealed a significant 
decrease in NEC from 20% to 11% (P<.05). Despite available 
evidence, the benefit of delayed cord clamping and cord milking 
needs further investigation. 

Talaveraet al., 28 conducted a quality improvement initiative in 
2011. Elements included standardized early human milk feedings, 
conservative feeding guidelines during blood transfusions, 
indomethacin treatment, and restriction of ranitidine use in VLBW 
infants. They found a significant reduction in NEC from 8% to 
3.1% after the implementation of this QI strategy. They concluded 
that early human milk feedings and conservative feeding during 
blood transfusion policies appear to have a significant impact on the 
reduction of NEC. 

Numerous randomized controlled trials had demonstrated a 
decreased incidence of NEC when premature infants were fed 
exclusively with human milk, compared with the formula-fed infants. 
There is another evidence of decreased incidence of NEC in premature 
infants fed exclusively with donor breast milk when compared with 
formula feeding. Recent Cochrane reviews had concluded that all 
premature infants should be fed with human milk when available. 

Patel et al. demonstrated a significant reduction in NEC incidences 
from 19.4% to 2.9% in VLBW infants after initiation of the quality 
improvement project. 27 Similar reduction in the rate of NEC incidences 
were observed by Alshaikhet al., 29 (odds ratio=0.32; 95% confidence 
interval, 0.11-0.93) after a QI initiative. 

The efficacy of probiotics to reduce NEC was being investigated 
by multiple RCTs and cohort studies. A systematic review and meta¬ 


analysis performed by Aceti et al., 30 reported reduced NEC in preterm 
infants post-probiotics treatment. Probiotics prevented NEC in 
preterm infants (RR 0.47 [95% Cl 0.36-0.60], p<0.00001) and in very 
low-birthweight infants (RR 0.48 [95% Cl 0.37-0.62], p<0.00001). 30 

There were insufficient data for extremely low-birthweight 
infants. A recent Cochrane review concluded that probiotic 
supplementation in premature infants was associated with a decrease 
in both overall mortality and incidence of NEC. The review showed 
that supplementation of enteral probiotics significantly reduced the 
incidence of severe NEC (stage II or more) (typical relative risk 
(RR) 0.43, 95% confidence interval (Cl) 0.33 to 0.56; 20 studies, 
5529 infants) and mortality (typical RR 0.65, 95% Cl 0.52 to 0.81; 
17 studies, 5112 infants). Even though there is sufficient evidence 
in favor of the use of probiotics, a number of questions still remain 
regarding the selection of the correct strain, dose, duration and safety 
of probiotics in preterm neonates. 31 

Hand hygiene 

Hand hygiene plays an important role in preventing nosocomial 
infection in NICUs. 32 Infections are easily transmitted during the day- 
to-day caring process in the NICU. Some of the factors which are 
responsible for infections and which can be curbed by maintaining 
hand hygiene are listed below: 33 

i. Inserting a central venous catheter 

ii. Blood sample collection 

iii. Treating and dressing of wounds 

iv. Changing parenteral fluid 

v. Infusing drugs through intravenous route 

vi. Maintaining a central line 

vii. Suctioning through the endotracheal tube 

viii. Prolonged contact with the infant while providing care like 
bathing, changing position, physiotherapy 

ix. Daily vitals recording 

x. Administering drugs through the oral route 

xi. Tube feeding 

xii. Skin contact while changing diapers 

Barbosa et al. 34 have demonstrated that compliance to hand hygiene 
guidelines was poor in the selected NICU. An alcohol-based hand rub 
was found to reduce the nosocomial infections significantly. The rate 
of nosocomial infections before the intervention was 21.5 per 1000 
days, which drastically reduced to 3.2 by the end of the intervention 
period. Antibiotics usage reduced as a result of the decreased infection 
rate. 35 Meta-analysis using a random effects model indicated that a 
range of strategies, such as educational campaigns, musical parodies, 
reminders, easy access to hand hygiene sanitizers, UV sensors and 
performance feedback, improved HHC [odds ratio (OR)2.04; 95% 
confidence interval (Cl) 1.40, 2.97]. Studies which specifically 
provided performance feedback at either the individual or group 
levels reported a more significant improvement in HHC compared to 
those who did not participate in the study (OR 2.81; 95% Cl 1.32, 5.96 
vs. OR 1.55; 95% Cl 1.13-2.11). 36 

Mother-infant interaction 

Several studies have highlighted the effects of mother-infant 
interaction on neurodevelopmental outcomes in the preterm infants. 37,38 
Preterm infants in the NICU are highly susceptible to behavioral, 
motor, mental and language developmental delays. Hence, a positive 
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interaction of the infant with the mother and family is required to 
improve the neurodevelopmental outcomes. 

Choma et ah, 39 have shown that use of a pacifier-activated music 
player with a recording of the mother’s voice drastically improved 
the oral feeding skills in preterm infants. Nervous system maturation 
is required to coordinate the oropharyngeal muscles for oral feeding. 
Hence, there is an improvement in the neurodevelopmental outcome 
with this quality improvement initiative in the preterm infants. 

Reynolds et al., 40 have observed a statistically significant correlation 
between parental holding and presence with neurobehavioral 
outcomes. The positive effects seen in the neonates were better 
movements, reduction in stress, arousal, and excitability. 

A recent randomized clinical trial conducted at a NICU of an 
urban medical center supported the findings of Chorna et al. 39 and 
Reynolds et al. 40 In this study, the selected cohort was infants prone to 
developmental disabilities. The interaction between mother and infant 
resulted in an improvement of oral feeding and better weight gain. 
Hence, it is recommended that nurses and other NICU staff monitor 
and encourage mother-infant interaction, such as holding, presence, 
and skin to skin contact with parents. Once the preterm infant becomes 
alert, mothers must be encouraged to interact with them in different 
positions and should provide positive feeding. 41 

Breast milk nutrition 

Premature infants have different nutritional needs than mature 
term infants, for whom human milk provides the required nutrition. 
Preterm infants require fortified human milk in order to meet their 
growth and neurodevelopmental needs. The nutrition in mother’s 
milk helps in reducing the risk of necrotizing enterocolitis and sepsis, 
and enhances the growth and neurodevelopment of the premature 
infant. Infants fed with mother’s milk are also less prone to develop 
metabolic syndrome, low BP, or fewer LDL levels in the later stages 
of their life. 42 

Luton et al., 43 have demonstrated a 83% reduction in the errors 
associated with feeding the preterm infants in NICU through a proven 
quality improvement initiative. The expression of human milk and 
its storage and fortification in this NICU was carefully monitored 
by the quality improvement team to avoid feeding errors. This 
intervention ensures that the infants are provided required nutrition, 
which enhances their growth and neurodevelopment. Meier et al. 44 
also demonstrated similar results. 

Oza-Frank et al. 45 have tested the effectiveness of a quality 
improvement initiative to reduce human milk errors in a large 
NICU over a period of 6 years. During this period, they noted errors 
regarding human milk. The most common errors were switching of 
milk among the infants, administration of expired milk, and errors 
in the preparation and fortification of milk. There was a significant 
decline in the number of errors after the intervention (Table 2). 

A recent study reported favorable outcomes with the breastfeeding 
quality improvement initiative in extremely low-birthweight infants. 
These outcomes were an improvement in the breastfeeding rate, which 
in turn reduced the duration of parenteral feeding and intolerance to 
nutrition. 46 These results were similar to two previous studies which 
provided evidence to support the use of nutrition from human milk 
or breastfeeding over infant formula. Positive outcomes were seen 
with breastfeeding, which largely included a reduction in risk of 


necrotizing enterocolitis, and enhancement of growth. 47 Cristifal et 
al. 48 shows that in extremely preterm infants, use of human milk in 
place of preterm formula significantly reduces the rate of NEC (3 vs 
21%) and decreased need for parenteral nutrition (27 vs 36days). 48 
Table 2 Reduction in human milk errors 


SI. No. 

Type of error 

Pre intervention 
(Number of 
errors per 1000 
bottles) 

Post intervention 
(Number of errors 
per 1000 bottles) 

1 

Expired milk 

84 

8.9 

2 

Preparation error 

4.8 

2.2 

3 

Wrong-milk-to- 

wrong-infant 

8.3 

2 


Stress reduction 


Structure and function of the brain in preterm infants admitted 
to NICU was shown to be altered by their exposure to stress. The 
changes seen in the infants exposed to stress included a reduction in 
the size of the brain, reduction in functional ability, and abnormality 
in motor behavior. Some of the most common stressors experienced in 
NICU included changing of diaper, intubation, exposure to light and 
noises, and invasive procedures or interventions. 49 

Floyd highlighted some recommendations for the infant stress 
reduction quality improvement team which included the following: 50 

i. Maintaining an infant friendly environment the in NICU, 
including reduction of light and noises 

ii. Care for neonatal development (improving mother-infant 
interaction, maintaining skin to skin care, improving social 
interaction) 

iii. Improving suctioning techniques (suctioning should be done 
only when the infant is symptomatic, maintaining the position 
of head of the infant to the midline) 

iv. Improvising the admission process in NICU 

Vignochi et al. 51 demonstrated the effects of aquatic physical 
therapy on agitation and sleep cycle of clinically stable infants in 
NICU. This therapy involves placing neonates in a liquid medium for 
about 10 minutes, with movements produced to stimulate their body 
posture and organization. This intervention improved the sleep cycle 
and reduced pain, crying, and agitated movements in the infant. 

A recent meta-analysis summarized the benefits of music therapy 
in promoting neurological maturation and oxygen saturation, and 
shortening the length of stay of preterm infants in the NICU. This 
music therapy was proven to reduce stress in preterm infants and 
promote independent breastfeeding. Thereby, the length of stay and 
the costs of hospitalization for preterm infants reduced significantly 
after the intervention. 52 

Prevention of unplanned extubation 

Premature infants need mechanical ventilation more often than 
their term mature counterparts. Ventilation is provided through the 
endotracheal tube. Mechanically ventilated neonates are prone to 
adverse events such as unplanned extubations. These are one of the 
most common adverse events in NICUs, leading to devastating and 
serious cardiac and respiratory outcomes. Unplanned extubations can 
be either deliberate (removal by the infant) or accidental (by NICU 
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staff during the provision of medical care). 53 The positive part is that 
these unplanned extubations are preventable adverse events. 

Veldman et al. 53 found that the most common reason for unplanned 
endotracheal tube extubation (UEE) was poor and difficult fixations of 
the end tracheal tube, followed by the active and agitated infant with 
vigorous movements of the patient in the incubator or bed. They also 
found that the majority of infants (75%) did not need reintubation. 
Among the UEE infants, 41% managed with nasal CPAP and 33% did 
not require any respiratory support. Reintubation was needed only in 
25% of infants. 

Creeze K L et al., 54 demonstrated a 64% decrease in total UEE 
events in a NICU (from 46% to 21%) (P<.001) during a lyear period 
after implementation of standardized guideline to prevent UEE and 
Quality improvement initiative. 

These studies reported awareness and education of NICU staff as 
the main quality improvement initiative to prevent this devastating 
adverse event. 

Management of bronchopulmonary dysplasia 

Bronchopulmonary dysplasia is a form of lung injury where there 
is an arrest of alveolar development. The known preventable causes 
of BPD are antenatal exposure to infections, intubation, and oxygen 
therapy. Several studies had previously reported on pharmacological 
interventions to treat this condition, like bovine superoxide dismutase, 
corticosteroids during seven to 14 days of life, vitamin A, and 
caffeine. 55 

Guimaraes et al. 56 have observed and compared the clinical 
practices to reduce BPD risk in premature infants in five NICUs. Based 
on their observations, the preventive strategies recommended are: use 
of prenatal corticosteroids, use of lower Fi0 2 , careful administration 
of fluids in the early weeks of life, and prevention of sepsis and patent 
ductus arteriosus. Hence, these quality improvement interventions can 
be adhered to in NICUs to prevent bronchopulmonary dysplasia and 
its associated morbidity. In addition to this, several specific strategies 
have shown evidence of reducing Chronic Lung Disease (CLD). These 
include early continuous positive airway pressure (CPAP), selective 
Surfactant, caffeine, gentle ventilation, and extubation guideline. 57 

In the Vermont-Oxford Breathsavers group, 19 hospitals 
participated in the adoption of potentially best practices (PBPs) 
during a 2-year collaborative QI project. It consisted of 3600 very 
low birth weight (VLBW) infants during the collaborative time 
periods. In fifteen out of nineteen hospitals, a decreasing rate of CLD 
was observed during this project, and the pooled data across the 
collaborative demonstrated a statistically significant reduction in CLD 
rates. A statistically significant increase in survival of VLBW infants 
without CLD was observed. 58 

A center implemented five PBPs in infants bom before 33 weeks 
of gestation, with noninvasive ventilation (bubble CPAP), and strict 
intubation and extubation criteria. The study demonstrated a reduction 
in CLD rates from 17% pre-intervention to 8% postintervention. 59 

Prevention and management of hypothermia 

Due to the high surface area to volume ratio, the infants are at a 
high risk of rapid heat loss, which leads to hypothermia. It is even more 
of a concern in the very low birth weight infants admitted to NICU. 
Prolonged heat loss results in an increased expenditure of calories in 
producing heat, rather than enhancing growth and development. 


Godfrey et al., 60 introduced a quality improvement initiative for 
the management of hypothermia in very low-birthweight infants in 
an NICU. All the premature infants were placed in a bag immediately 
after birth from the neck down. These occlusive bags prevented the 
hypothermia. 

Evidence indicated that preterm (less than 37 weeks) and low 
birth weight (less than 1.5 kg) infants are more prone to hypothermia 
during the perioperative period than their mature and normal weight 
counterparts. Hypothermia has shown to be a a declining trend from 
23% to 6% after the introduction of quality improvement interventions 
like transport protocol and maintenance and continuous monitoring of 
the rectal temperatures. 

Harer et al., 61 implemented a multidisciplinary guideline for 
delivery room thermoregulation management for infants born before 
3 5weeks. Clinical practice changes in the guideline included: 
increased operating room temperatures, obtaining of a 10-min axillary 
temperature, use of an exothermic mattress for all infants bom before 
35 weeks, and use of a polyethylene wrap for infants bom before 
32 weeks of gestation. They found a significant reduction in the 
incidence of hypothermia (<36.5°C) (decreased from 63% to 30%, 
P<0.001) and moderate hypothermia (<36°C)(decreased from 29% to 
9%, P<0.001). 

Magnetic resonance imaging without sedation 

Sedation in preterm infants is associated with significant morbidity 
and mortality. Sedation has adverse effects on the cardiovascular 
and respiratory system in neonates. The most common adverse 
manifestation of sedation is respiratory depression, which is 
characterized by hypoxemia, apnoea, and hypoventilation. 62 

Stokowski LA 62 described how infants are vulnerable to many 
of the potential hazards of MRIs, including projectile accidents, 
radiofrequency electromagnetic field effects, noise hazards, 
physiologic instability, and adverse effects of transport, positioning, 
handling, and sedation. He proposed the use of an MRI-compatible 
incubator. He opined that proper education of staff and meticulous 
attention to detail in preparing the infants for MR examinations are 
the keys to safety during neonatal MRI. 

Haney et al. 63 implemented a quality improvement intervention of 
using a vacuum immobilizer to during MRI to avoid the associated 
risks of sedation. MRI without the requirement of sedation was seen 
in 94% of the infants, and high-quality images were obtained in 
97% of the attempts. Time away from the NICU was also reduced 
significantly with this intervention. Hence, the vacuum immobilizer is 
recommended as a quality improvement intervention for MRIs, which 
helps to avoid the risks associated with sedation. 

Surana et al. 64 demonstrated that educating medical and nursing 
staff and increasing awareness among them regarding accidental 
extubation can help decrease its occurrence by more than half. 

Maria and Dasgupta highlighted the importance of family-centered 
care in the treatment of critically ill neonates. 65 Family care and the 
provider care in the alliance have transformed the concept of neonatal 
care. Family-Centered care allows the care providers to improve the 
competencies of the parents or the caregivers in imparting care to their 
infants. This approach has been recently given importance as a quality 
improvement initiative to improve the neonatal care outcomes (Figure 

2) (Figure 3). 
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Figure 2 Conventional model for care of sick newborn; Adapted from “Family- 
centered care for sick newborns: A thumbnail view” 65 
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Figure 3 Family-centered care (FCC): A paradigm shift Adapted from 
“Family-centered care for sick newborns: A thumbnail view” 65 


Discussion 


Premature infants admitted to the NICU are more vulnerable 
to stressors than their mature counterparts. Exposure to light and 
noises, high risk of infections due to regular invasive procedures, 
pain due to invasive and surgical procedures, and less mother-infant 


interaction are some of the stress factors responsible for growth and 
developmental delays of preterm infants. 

Quality improvement measures such as the use of music therapy 
or aquatic physical therapy can reduce the effects of environmental 
stressors like noises, and improve the sleep cycle of agitated and 
crying infants. Maintaining proper hand hygiene, maintenance and 
optimization of central venous catheters, and avoiding contamination 
while drawing the blood samples can reduce the infection risk, 
thereby reducing the utilization of antibiotics. Social interaction and 
oral feeding skills can be improved by increasing skin-to-skin care 
and mother-infant interaction. As premature infants have different 
nutrition requirements than their mature counterparts, it is important 
to provide them with fortified human or own mother’s milk. This 
helps in providing the required nutrients which improve the growth 
of infants. Conditions such as lung injury and hypothermia can 
be prevented with minor precautions such as the use of prenatal 
corticosteroids and placing the infant in an occlusive bag to prevent 
heat loss, respectively (Tables 3) (Table 4). 

These interventions are proven and have been shown to produce 
favorable outcomes in preterm infants in an NICU. Hence, future large- 
scale studies need to be carried out to support the available evidence, 
and also to test additional new quality improvement interventions. 

The major strength of this review is that it has synthesized not only 
the currently available evidence, but also a number of high-impact 
previous studies. This review has identified all the potential areas of 
improvement in the NICUs, along with the proven solutions or the 
interventions. 

Neonatal morbidity and mortality has been a global public health 
challenge. Management of critically ill infants has become a major 
concern, as they are continuously exposed to various risk factors. 
Exposure to these stressors has a detrimental effect on the growth 
and neurodevelopment of critically ill preterm infants. As most of 
these causes are preventable, it is important to adopt various proven 
quality improvement initiatives to improve neonatal care outcomes. 
The proven quality improvement initiatives to improve the neonatal 
care outcomes include maintaining hand hygiene, maintenance and 
optimization of the central line, improving mother-infant interaction, 
reducing the risk of bronchopulmonary dysplasia and hypothermia, 
reducing the exposure of infants to various stressors, and implementing 
the family-centered care approach. 


Table 3 Studies reporting outcomes of quality improvement initiatives for prevention of unplanned extubations 


SI. No Study 

Quality improvement initiative 

Unplanned 
extubations per 

100 days (pre 
intervention) 

Unplanned 
extubations per 

100 days (post 
intervention) 

Conclusion of the study 

Creeze KL et 
al. 54 

Providing awareness and education to 
the NICU staffs, implementation of 
standardised guidelineand and Quality 
improvement initiative 

1.15 

0.54 

Considerable reduction 
in the rate of unplanned 
extubations. 

2 Surana et al. 64 

Workshops were conducted 
to increase awareness among 

NICU staff, regular assessment 
of endotracheal tube fixation and 
reporting of any adverse event 

2.98 

1.14 

Awareness and education 
of NICU staff was shown 
to play a significant role in 
the reduction of unplanned 
extubations 
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Table 4 Summary of studies 


SI. No 

Study 

Factor 

Ql intervention 

Outcome 

Similar studies 

1 

Reavey et al. 7 

Pain assessment and 
management 

Pain assessment and documentation 
using a neonatal pain tool, N-PASS 

Considerable 
improvement in pain 
reduction strategies 

- 

2 

Ting et al. 9 

CLABSI prevention 

10 step regimen 

Considerable reduction in 
rate of CLABSI 

Bowen et al." 






Koeppel et al. 12 






Zhou et al. 14 






Byrd et al. 15 

3 

Harris et al. 16 

Sepsis prevention 

Neonatal nurses were designated to 
draw the blood cultures instead of 
phlebotomists 

Reduction in 
contamination by 
staphylococcal infections 

Saiman 18 

4 

Barbosa et al. 34 

Hand hygiene 

Use of alcohol based hand rub 

Reduction in the rate of 
infections and usage of 
antibiotics 

Brown et al. 35 

5 

Chorna et al. 39 

Mother-infant 

interaction 

pacifier activated music player with 
mother’s voice 

Improvement in the oral 
feeding skills 

Reynolds et al. 40 






Dusing et al. 41 

6 

Luton et al. 43 

Breast milk nutrition 

Expression of human milk, its storage 
and fortification in this NICU were 
carefully monitored 

Reduction in the human 
milk errors 

Meier et al. 44 






Oza-Frank et al. 45 

7 

8 

9 

Standley et al.. 52 

Vignochi et al. 51 

Creeze et al. 54 

Stress reduction 

Stress reduction 

Unplanned extubation 

Music therapy 

Aquatic physical therapy 

Providing awareness and education 
to the NICU staffs, implementation 
of standardised guidelineand and 
Quality improvement initiative 

Promotes neurological 
maturation 

Improvement in sleep 
cycle, reduced pain and 
crying 

Reduction in the rate of 
unplanned extubations 

Liu et al., 46 

Boyd et al., 47 Cristofalo 
et al. 48 

Surana et al. 64 

10 

Guimaraes et 
al. 56 

Bronchopulmonary 

dysplasia 

Use of prenatal corticosteroids and 
lowering the Fi02 

Decrease in the risk of 

BPD 

Schmidt et al. 55 

1 1 

Godfrey et al. 60 

Hypothermia 

Neonates to be placed in a bag 
immediately after birth from down 
the neck 

Reduction in the heat loss 

- 

12 

Haney et al. 63 

MRI without sedation 

Use of vacuum immobilizer 

Reduction in the risks of 
hypothermia 
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